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* statistical ensemble postprocessing

* introduction to SAMOS

* new snow amount forecasts in Tyrol

* sub-seasonal anomaly prediction over the U.S.
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Ensemble Postprocessing

Numerical Weather Prediction
O analysis: — current state
@ forecast: — future state

Error Sources
* observations
¢ simplified model world
* numerical approximation

* “unknown” atmospheric processes

Ensemble Prediction Systems
* to quantify the uncertainty
° number of members restricted
* typically underdispersive
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Ensemble Postprocessing

Forecast Error
 total error = noise + systematic errors
* noise: unsystematic error

* systematic errors: correction possible

Ensemble Postprocessing
* correct bias
* correct uncertainty
e discrete — full distribution
* probabilities, quantiles, extremes
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Ensemble Postprocessing
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Ensemble Postprocessing
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Ensemble Postprocessing
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Non-homogeneous Gaussian Regression (NGR, EMOS)

y ~N(p,0)
p=0B0+p1-X
log(c) = 70 + 711 - log(sx)
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Spatial Postprocessing

density
|
IS

* allows station-wise corrections
* not suitable for spatial predictions

Alternative approach required.

density
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SAMOS
What is SAMOS?

Christian Ullenboom

~ Java
F ist auch eine Insel

Das umfassende Handbuch |

Programmieren mit der Java
Standard Edition Version 5

“§.,
5. Auflage Galileo Computing
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SAMOS

What is SAMOS?

“A probabilistic spatio-temporal ensemble
postprocessing method using climatological background
information to remove site specific characteristics, which
allows to estimate one simple regression model for all
stations and forecast lead times at once.”
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SAMOS

Reminder: NGR
y ~N(uo0)
w=PFo+pP1-X
log(o) = vo0 + 71 - log(sx)

NGR — SAMOS

Transform all quantities (y, x) into standardized anomalies:

X — i
y — _ , X*: N:uX

y*, x*: standardized anomalies
jley 0o+ Climatological properties of y, x
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SAMOS

Gaussian SAMOS

NN(M*,J*)
= Bo+pP1-
log(c™) = 70 + 71 - log(sy)

NGR — SAMOS
Transform all quantities (y, x) into standardized anomalies:
* y - [Ly * X — /:LX

Yy =—7 X =—
O’y UX

y*, x*: standardized anomalies
jley 0o+ Climatological properties of y, x
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SAMOS

Gaussian SAMOS

y* NN(M*,J*)
W= PBo+ P1-x*
log(c™) = 70 + 71 - log(sy)

NGR — SAMOS
Transform all quantities (y, x) into standardized anomalies:

y*, x*: standardized anomalies
jley 0o+ Climatological properties of y, x
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SAMOS

Station A (mean = 3.9°C)

Station B (mean = 13.4°C)
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SAMOS

Station B

Station A
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SAMOS Summary

Spatio-Temporal Climatologies
* Account for ...
* seasonal and diurnal patterns,
* spatial differences (longitude, latitude, altitude),
* and possible interactions.

Standardized Anomalies
* location or station independent
* independent from season and time
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SAMOS Summary

density

On the Anomaly Scale
e combine data from all stations and lead times

* estimate one “simple” model for the area of interest
e correct current ensemble forecast — u*, o*
* de-standardize:

p=p* - oy + fiy

o=0"-dy

density

10
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Hourly Probabilistic Snow Forecasts

Over Complex Terrain
A Hybrid Ensemble Postprocessing Approach

R Stauffer, GJ Mayr, JW Messner, A Zeileis



Snow Forecasts

Topography, Tyrol and Surrounding
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Problem: lack of reliable fresh snow observations.

NOAA/PSD Seminar Talk - May 21, 2018



Snow Forecasts

Idea: Hybrid Approach

» forecast temperature & precipitation instead
* SAMOS

* hourly temperature forecasts
* daily precipitation forecasts

* ensemble copula coupling

* restore spatio-temporal structure
* convert temperature & precipitation into snow
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Snow Forecasts

Station Network

« TAWES
o EHYD
< Airport

Observation Data

3300-3600

3000-3300

2700-3000

2400-2700

2100-2400

1800-2100

1500-1800

1200-1500

900-1200

600-900

300-600

Height Distr.

* hourly 2 m air temperature: 90 stations, up to 10+ years

* daily precipitation sums: 110 stations, up to 40+ years
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Snow Forecasts

Numerical Weather Forecast Data
ECMWF hindcast
* 10 + 1 member ensemble
* 6-hourly output
* initialized twice a week (0000 UTC, 20 years)

ECMWF ensemble
* 50 + 1 member ensemble
* hourly output
* initialized 0000 UTC
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Snow Forecasts

SAMOS Model Assumptions

Temperature
T~ N o)

pt =B+ p1-Xx*
log(c*) =70 + 71 - log(x™)
Xx*: std. anomalies of the 2m temperature.

Precipitation

prECipp* ~ Lcens(M*, 0'*)
pr=p0+p- X (1-2)+p2-2
log(c™) = 70 + 71 - log(sk) - (1 — 2)
Xx*: std. anomalies of power-transformed total precipitation.

z: split-variable (binary) to handle unanimous predictions.
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Snow Forecasts

(1) Observations: (2) Numerical Weather Forecasts:
station observations latest 8 ECMWF hindcast runs
O Y
— spatio-temporal climatology model climatology —

@

£
standardized anomalies standardized anomalies

(3) Estimate SAMOS models:

training data set (standardized anomalies)
A
estimate SAMOS regression coefficients
9

(4) Prediction:

standardized anomalies of latest EPS run !

\
compute corrected SAMOS predictions
A
_— spatial probabilistic forecasts
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Snow Forecasts

Temperature Forecasts
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Verification: Dec 2016 - mid April 2017.
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Snow Forecasts

Temperature Forecasts
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SAMOS
* Slightly outperformed by EMOS, ...
* but allows for spatial predictions.
* Ensemble spread: barely any additional information.
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Snow Forecasts

24 h Precipitation Forecasts
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* Qutperforms raw EPS, less skillful than for temperature.
* Ensemble variance barely any additional information.
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Snow Forecasts

How to Get Hourly Snow Predictions?
* combine temperature/precipitation using ECC

e temperature:

e draw 51 member ensemble from corrected hourly N/
* restore rank order structure

* 24 h precipitation:
* draw 51 member ensemble from corrected Lo
* restore rank order structure

* hourly precipitation:
* re-weight raw hourly ensemble forecasts using:

. tp copula,ms

“Wms tPeps, ms
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Snow Forecasts

Forecast March 08, 2017 OOUTC

2m temperature [° C]
0 5 10 15

-10

raw ENS
< B
= observation

precipitation [mm h™]
2
]

6 12 18 24 30 36 42 48 54 60 66 72 78
forecast step [h]
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Snow Forecasts

Forecast March 08, 2017 OOUTC

2m temperature [° C]
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precipitation [mm h™]
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forecast step [h]
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Snow Forecasts

Hourly Snow Forecasts

(“dry” if:
precipitation,,s < 0.05 5"

Plps = { “rain” if:

precipitation,,s > 0.05 5™ A Tomms > 1.2°C
“snow” if:

precipitation,,s > 0.05 T2 A Tomms < 1.2°C

\

Pl: precipitation type indicator {dry, rain, snow}

m/s: copula member and forecast step

NOAA/PSD Seminar Talk - May 21, 2018
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Snow Forecasts

Forecast March 08, 2017 OOUTC
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Snow Forecasts

Expectation for March 10, 2017 00:00 UTC (+48h)

expectation
46.8°N  47°N  47.2°N 47.4°N 47.6°N

10.5°E 11°E 11.5°E 12°E 12.5°E

omm 0.5mm 1mm 1.5mm 2mm 2.5mm 3mm 3.5mm

4mm

NOAA/PSD Seminar Talk - May 21, 2018

23



Snow Forecasts

Precipitation (solid+liquid) Rain (liquid) Snow (solid)
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raw EPS: 0.109 raw EPS: 0.102 -
ECC-Q: 0.077 ECC-Q: 0.050 3
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forecasted probability forecasted probability forecasted probability
Empirical frequencies:
precipitation 15.8 %, rain 9.8 %, snow 7.5 %.
NOAA/PSD Seminar Talk - May 21, 2018 24



Snow Forecasts Summary

* ensemble spread: barely any information

* large spread for postprocessed temperature

° improvements: more pronounced for temperature
* combine different data sources

* use data sets with different temporal resolution

* reliable hourly probabilistic spatial snow forecasts
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Sub-Seasonal Climate Forecast Rodeo

Improve Existing Sub-Seasonal Forecasts, Bureau of Reclamation



www.retro-housewife.com
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The Rodeo

The Challenge
* predict anomalies
° mean temperature and accumulated precipitation
* week 3-4 and 5-6

Area of Interest (1°x1° grid)

NOAA/PSD Seminar Talk - May 21, 2018
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The Rodeo

The Price
* 800000USD in total
* iff. anomaly forecasts are significantly better than:
a damped persistence
the CFSv2 itself

Area of Interest (1°x1° grid)

NOAA/PSD Seminar Talk - May 21, 2018
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The Rodeo

The Truth
* Climate Prediction Center’s gridded data set
* gridded gauge data set
* gridded temperature data set
e climatology: 2-week mean 1981-2010

The Forecasts
e 4 member CFSv2
* mean over 8 runs (8 x 4 = 32 member mean)

The Measure
S(r-9)
/Z 0/2 . E f/2

ACC =
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The Rodeo

The Idea
¢ CPC: provides observation climatology (fiy, Gy)
* CVSv2 reforecasts: provide ensemble climatology (jix, &x)
* apply “complex” homoscedastic AMOS/SAMOS

Model Assumption
y* ~ D(M*a U*)

Where p* may include:
» forecasted anomalies (2 m temperature, dewpoint, ...)
* spatial effects f(long, lat)
* teleconnection indices (NAO, NA, PNA; CPC)
* snow cover data (NSIDC)
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The Rodeo

ECMWF Based Approach

* temperature (week 3-4)

* Gaussian AMOS

e 70 covariates

* optimization:
based on R package bamlss
likelihood-based gradient boosting
variable selection & parameter estimation

NOAA/PSD Seminar Talk - May 21, 2018
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The Rodeo

Observed RAW EPS (0.06) Corrected (0.56)

-4 -2 0 2 4
2m mean temperature anomaly (week 3-4) in degrees Celsius

Observed RAW EPS (0.46) Corrected (0.72)

-4 -2 0 2 4
2m mean temperature anomaly (week 3-4) in degrees Celsius
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The Rodeo Leader Board

Weeks 3&4 Temperature

Team Newest Score Average Score
bgzimmerman -0.0994 0.2855
PrXWX -0.1821 0.2265
StillLearning 0.029 0.217
DampedPersistence -0.0794 0.1952
CFSv2 -0.3997 0.1589
asanteko2000 -0.1117 0.0909
lupoal3 -0.2187 0.0895
Salient 0.05 -0.1365
Weeks 384 Precipitation

Team Newest Score Average Score
Salient 0.7758 0.2144
PrXwx 0.0921 0.1711
lupoal3 -0.1367 0.1246
CFSv2 0.1837 0.0713
StillLearning 0.7987 0.0227
bgzimmerman 0.1087 -0.0221
asanteko2000 -0.7981 -0.0612
DampedPersistence -0.7996 -0.1463

Weeks 5&6 Temperature
Team

bgzimmerman -0.4472
CFSv2 0.5267
StillLearning 0.1436
PrXwx 0.3105
lupoal3 -0.5854
asanteko2000 -0.1046
DampedPersistence 0.1084
Salient -0.8229
Weeks 586 Precipitation
Team Newest Score
Salient 0.5897
PrXWX 0.0995
StillLearning 0.5816
lupoal3 0.0916
bgzimmerman 0.303
CFSv2 0.0692
asanteko2000 -0.5561
DampedPersistence -0.4375

Newest Score Average Score

0.2357
0.2192
0.2044
0.2026
0.1675
0.0897
-0.0762
-0.09

Average Score
0.2162
0.1208
0.0941
0.0931
0.0773
0.0227
-0.0879
-0.1613
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The Rodeo

Sub-seasonal Rodeo
Mean Temperature Week 3-4

mean: 0.38
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ORI

Thank you for your attention

and special thanks to Tom for the invitation!



Appendix



SAMOS

Climatological Location Climatological Scale

2m aif temperature, January 1, 0000 UTC (+24h forecast). Unit: °Celsius
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Snow Forecast: Hourly Calibration

Hourly 2 Meter Temperature, raw EPS Hourly 2 Meter Temperature, ECC-Q
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Snow Forecast: Hourly Verification

Stationwise Mean CRPS Skill Scores for Hourly Copula (raw EPS as Reference)
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forecast step or lead time (hours)
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